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SURFACE BY MOVING ROBOT 

(57) Abstract: 

PURPOSE: To enable a moving robot, which sweeps a 
floor surface, to efficiently and safely sweep all given 
work areas throughly without overlapping while avoiding 
obstacles. 

CONSTITUTION: This device is provided wfth a robot 
position detecting operation part 5 including a 
direction detecting part 3 and a covered distance 
detecting part 4, front, right, and left obstacle 
optical and ultrasonic detections parts 1, 6A, and 6B 
which detect obstacles existing in the front, the right, 
and the left of the robot respectively, and an obstacle 
avoiding sweep processing part 7 which makes a plan to 
throughly sweep the floor, surface of a prescribed work 
area while avoiding obstacles by position information 
from the position detecting operation part 5 and 
obstacle information from optical and ultrasonic 
detection parts 1, 6A, and 6B and outputs a running 
control command of the moving robot based on the plan. 
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(2) 

1 

mm&m&mmMx.mvs& Lfc^ssn # 9 h ©&b« i<? 
iniEKis&tfcttixgai&ffl ufcBS«flJ«»c «fc 

Batata*. &bo#s, hro^ffsj«m^sw*-r<& 
BB«0BB5iffl«igi*#u 

« k *s ^ r im%.<D&9i&mrt 9->\z& tmzwm? 

m Eie*<eb#«is«©tescB«s nfc*;k-/^ ©» 
7j&*> ettGBBiEB/w-xc £ o. i3ia»»»#tt 

«&3lffl31Xgi&^tfCLi:*«>ai**i8ftD#»/ h 

vmmmtttik. 30 

«©#SSn#'y h©fRffi»5li)fj£. 
[SJ*«3] BE3r£fPBB«*ffl»fcUfcaBttB 

mzirti-znttmLTmfznrz.'gjmmmim** u 

fi?ffl£^H©iS»tCj£:i;TJE^ffittS*. ifcStlBCS 40 
Xg*^-r-589*J« 1 2 E«©»»n#<y 

B?n-;«B*i*iTBiai>IB««£«BU 
»»3lfflffl»7«lcBE* n-X«B* SB0i>JB«« 

ajfflaxB*^LfcB*B0B»3iffiaiSfc*r*-* 



#M¥5-2 6 7 5 3 3 

2 

RBB1. R#>B2. £ft:»R£3£R©BRnBy h 
ORHB9l#R. 

[Has 5] »?r£^RR«©i*;ii«B»Lfca*&feR 

effft-9B»D#? h©fKffi»3l««K:*l»T. 

•*«WlT*#R*«*niI?y h©ttfi€J?Hl-r^(4e 
4ttHR*¥R&. 

RRRRfWiRRtafcBttSBRnBy hWBfr^ft* 

#tf»ft©£fc©v>rnA>c£«E-r*RR<»sBiHT* 

RGBRRUR*¥R#R*Ufc»an«y h©<£Rfit 
«RtfRB»B#jRffl*R#RtBU&BBBR»K«fc 
»S1**lHll8b*:*^WEm)£fP|g<H«©*B5** 
<B9rr«RH££RL. R3u«Lfc»5IB 
BlcS^frf«a>n#.y h©j&fTB*Wf<frSdJ:*J-rsBB 

RRRRttER»9lffla#Rtt. B*B©firtELfc»r»R 
«IC*S ^TttJJf>£©B»JSR/t*->fcJ: 0 BSIffiaf 

s»*«Fra««»3i*ia#Rfc, 

BRnBy h0RffRHCBBBtfBttT«RR*ffil. 

c hjrt «BBBHRtte&toTRRBR£s /t- 

*>£J:*B9IBRR"r*i*C. B8R£&Rtt©R 
inrRtragfc*n-enffrja§B«B»T* e tifirzz. 
x;h/usbbu K2t?©x;k- /ixcRBtifeR 

RtfBRi&a^at. 

»EWSf«rt9f«<H«©B«lcB«anfcX JP— ©» 
7A*>&BEB»£S/^->l::«k0. BEBB«>#*E 
B«ft©*»3l««£»3lffia**»£«fl53E*B9IB 

flcR»3IRR. 
[R#B6] t&EBRntf-/ M>6*©£>$rRtf:fn# 

K#*-r««is©ttfii:tt«!ie*T?©iai*-f-n-?txje 

BBC J: OH^*B«ttBRWEBW£#ft*ttilQU 
fcBE n * .y h ©BBttfflSB^BSBAfcRsJWl S £ 
ROBRntf? h©jfcBB9IBR. 
[R#B 7 ] ttE0fBfi!B«B«B5His L fcBBRH 
«C-W*Wi*M> UTRt* 6 nfcSa«BfflB«* * U 
t, 

KBaaHfflBfB^'j iz»&6}<»#&mi*>ftmftm 

RR«fl«0RB&&i;TR*BRStt.. BWCJSUX 
RSl*-*BRffiB^B£*ttBl/fcBBBlHlRB3lffia 
^RSBAfcRjRB 5 *fcttB#B6 ER©B»n# y 
h©£B»3l£B. 

[RBR8] atrER*tt?5««*rtfcREB»5£R^ 

B^fctt. B^D-XB«rtTBI3?FBB«€«BL. 
BB@WffiBB«flffi-r«B»nrBB«©B9lffiBa:. 
«B5lfflBB7BCWE^ D-XBB*^BIaI?IB«« 



-264- 



1 



3 

H©{fcH«3l£H. 
[0 0 0 1] 

[0 0 0 2] 

[«*©fi«S] Sift. XWftMB*C*UT. SS^ffif 
&£j&K*&A82in#5/ h*5ffifflStlTI/^. C1©*SA 

tfSfM&T^-Sfc©*^. Lj^u ffcffi£fl!Jrr-5n 

L-Tfem£T*C <£*<**© BW-Ci&D. ±E 
BSSKllCfT&5<b©#^. fifoT, ^iilffliDxRyh 

(»») +\z. w«4Wft«-fe>-y-»c«fco^»^- 

££g£S>b©<!:&5. 

[0 0 0 3] S3E*fflfBBn#»/ h**W*«J«riaaiLT 
»3l£ff &5fc«>©jf«BiTE© * 5 Icfc*. 

(a) M«©«23iS*K:Wu ^-S*«ttlC<BiK'bta^'5 £ 

^. ftoT««rt©fBR£3Ms«k<MfTTSfc^3B» 

(b) BS&@atc<fc9f1^aiffl#&<&$ffifa£ffi# 
. <c> BSfcif^Lfcv^#©ffl±* t §l-5nT^* 

(d) &j£Vte^m3l7)V3i)XJ*H&&Z\t. 

( e ) B$«Mft m^St t LTJt«Wfctt»©jB#«E-te > 

[0004] 

[589lJWSHfeb<fc5i:'r*88]B] U^LfcfltfcttElSa 
ff*Sa#yM*. £<SffiK£Lfc<b©T*9. WE* 
EfPKo^y h*l»*«*@»UT»3l£fTfc5fca© 
(a) ~ (e) &»£S-a-5J:5*»ftD#y h© 



(3) if?BI¥5-2 5 7 5 3 3 

4 

[0005] *w§iitta>a>*raBjS£#fcf sfcaicfe 
ffT#«^i»D* .y h©anB»3l;frfcftz/iSB&#s;: 

[0 0 0 6] 

[siis»»r*fc»©^a] *kw©»*« i 

tt, Bf«fPI6««©*ffiS^S6l/*^6fPI!l«rff*5^ 
ftn#*/ h©«ffili3l*ffi*fc««@JC*UT, I9EI* 

»n#v h©iifr;Stt£ttm-ra^gfttfj£fTe«£ift 
ta-r -5#ss^*DJHy h©ffie**m-rsffidttfflsi 

jiff ^ri6j *^«jtis©*iBj©v»rn*Mci¥«ET5 

it> «rEWJEfPIRfii«©*ffiS#t-rtJ:«^<S3l'r-5«-H 
«*. flatdBs«5iHifi}f3iS!ia*a«. »*»©## v 

U\,>&mzSs\,*T\tmfc<D&»s£Mrt9->tz£ 0*HI 
&3lT*iro«*tt««»3lffla#ai:. ^ftn#y h 

©jtffKrffifcB*«*t#frrsfli*Ttt. cn*iEia-r 
31 ***K-r ws«#&fii«©atjfttmat 
30 ettu tt2o©x;v-Axic**nfcffi«s(s9*ft# 

¥&t, 8tffi»**?5FfiE««©lft«fcB»*nfcx;l-- 
/XX ©R7ii5W> 6 tae&SdfcfflA* - >fc«k 0 IJEHNS 
^«m«rt©*»3lfi«S»3lffl3S-r5Rf$«WrtE* 
J93l«tf»3ISa8^at££tft>©T&3. 
[000 7] *3SW©SSjR3I 2 sfefcttfit** 6 \Z&Z& 

*fctt»#* 5 h©*ffi»3l^i**fc 

40 ^ic#fi-r««a©tt»tK4wa*T?©ffi»«-€-n-en 
i/fcUfia#i> h©tt««mjsw*a*«Afc'b©T» 

[0008] *%«©»** 3 *7t«»*« 7 \Zto*& 
ttniKv hffl*SJ93l*ffi*ft:««H«. 8JE»**l 

«*»»D#y h©*ffi»3l55S*fc»4«fil»C*VJT. 
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5 

[ooo9] *&wom3tm4$.Tz\tm#m8\zG,z& 

7>£W#B3©nm*V £fcttB#JI5 7}M»jRS7 
[0 0 10] 

[f^ffl] *m*m l SfcttSI^JE 5 c#a»^ir*v^T 
<i«Rtf tfrEfc^ftttta^giatifttii ufcw^fii «»c«t 

ER§4fc*fi<g^3lfflS^§m»^©#«L& US 

h<ojtffWiif»cws«>At#«rr.6««Ttt. ens 

^-/^©BTA* 6 WE»»£SA*-> ir «fc 0 ftlE 

[0 0 11] *«*«2*fctt»*9l6ir»S56WI'* 
^Ttt, ft&BB&B 1 £&li«#JH 5 ef|l*X9li:*u> 
T. MR&W&miSm^mzmaZnttim&W&rm 
Bfflfc^Stt. t5E#»niHvh!fc6*-©£#Jttttn5f 

K??ft^©«r*©ttBttt4Wi*T«)iaii«-c-n-ena 



(4) 4$H¥5-25 7 53 3 

[0 0 12] *«#^3£fcttB#B7K:«*?5iJliK:*5 
<^Ttt. UESI*JS1 fcKBB*«2. 

mmmmz- mz^mmmm mm* * u &ztmmm* 
gttvttmtsn, mm'gmmmmtfi&t&jimEffiiz. 

[0 0 13] *a*«4*fe«gf*JB8tCtfi5^1C* 
V>Ttt. WEtt*«17iSSI*«3 0V>-rn*V 

B*« 5 nmrn^tm i ^fntAz^mwz^x. 
S3iRt;Kanas#att, i»Ef$s«n?-fc««*jfcKfE 

f*BJgS^ * - > K ± -5 TI*f*«rC#fcV» * D -XB« 

A^-T-Sig^lrtt, K^D-XB«rt-CffilllPj<i8®« 
20 3I*&!!£. &»3lfflS!fc7«K:i»E*0-X«gW>Sfil 
[00 14] 

•fl^fcttffiS, 2 Att«*4MRttB • 2 
Btt££tt£ttB-£lBS!£a:, 3«jtr{fclfttttffi. 4 ft 

30 S. SfctiEl~8©«B«l«!iD2tfyhl0rt»C$i: 
ftftUBMM *fHMMIt 

>h©a^tt±tfM«© *t>£*nrt» 

[0 0 15] H2«*KfflCff<5#KlD3jii/hOiBfifjK 
89*. £*Rtf^0 3*|o)lc^^«jB&«2ISte-A 

t w^ttR^Bffit-c-n-fn^ i/rv>«. m 3 tt#369i 

[0 0 16] B2~H4€#JHU. B10&BS08E 
ffllli. »»DiHy h 1 0*^fT-r*«ttrO»««*3fc 
ft*ffl«(D2r>IC<fcO*WE3n*. 
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7 

o & e>KS ws«£T©EjB«:aijrr*««£<rr* & 

2 mg&cfc* t^sc-fe>tMc<fc DRsws«>©ifta 
£*v>u&mm&fte>tiz. d©«fc septus taw 

fcfcfflS©2o©j|ftffl^>tf£fif/rr*;i£ic<fcD, & 

idp^>y h mm&xomum 

[0 0 17] H2R^H4CJ;Dil^BS«IiB*iSaftm 
88*RWT<&. 02©T! , RuStfRnlCfcOlltDfrB 

s«j«maBtt«fig$n-5. ^HwTiasimg. Rus 
tKRi.tt-en-enssesTi tjemdi <0i*.«2 5cn 

suprgT, a. W4©3ipy-h»jra mx\i 

»S'J8>) IC, tt;ltf2 0-2 5kHz e£©»ftgtH;*7 
*il!ifcS§IC«il&U iB#&A-Xh»SH2C5R-r2lft 
tf-A©fg|B|#ft (*¥ffi©rai6i#SrP. <fte&B • ffi 

«f*i;Slft-r-5. h 1 0 CDifr#ICK5£%*t^ 

«E-TS«^IC»±. SfigRi-.RtfRi.tt, fcSPSfBMSjS 

nsfgu «§m<g^£«e«. 0tj£#««©a> p/t 

X7-fM (BPF) C^ITRRLT. RJ*8Ef§^£ 
Jl/*i8^*:2fil^#€:4ftffiW*tUT«tWr. -€"l/T 

Ttjg#«[©^«fe»«« (?m-p»3 3 0m/#) t 

^ttBuic^sft*. jws. i»©sesRn3a«Rn 

£Rttfc3i&tt. =ftfflfl©KS*fOfflb. r©l*f© 

sen* s**vens&n* 2 r>©jER««*> &s»« 

S©IES^9t;a*T©JERfttfKE#jS©eff£#tflT 
$5±5C-r-5fc»-C*5. ^©JlfflJSr&fc^Ttt, 
:&#«H5«fcH • !Slia£ffi2 AlCfcHTRET*. 
[0 0 18] 0 3«C±O8tI*WS«3fc<fttaffi£RWr 

U tH>*«lfifc:-A <«AttttJS~l OflB £UTt& 



(5) 4$H¥5-2 5 75 3 3 

ffiHfcR»*&n. fifl#W$«W»5©E»3fc££#U 3t 
-e«S*&«T#*S*re*tt»2mg&T***t. d 

©«fflrt»c*tt*»£»©**m^ tt^^ttaihr-AC 
j:a«ffi©A^*ffifi?a€#sct*»pri8t*«.. 

[ooi9] B2i:<t ottvm&m • mmmj£&2A 
10 turn?*. £ttjj<&&&w-mtmjz®2B\t. 2 

»3s$4i^^, £ffl{t«»sn*^©fflST?»5. m® 

©Ti . Rn, R.»&tfA»lcJ:0*^g(4B-E(8 
Si£fli52A«S|fiS;*n*. -tLTT, tt3l«gT*03f 

tf-Aj&tssnsA-T. hfi«»*snrf s. 
R.iRt/R.ittiafwsegTifcfl, -en^nttEme 

hr-A©*^ttT**W£#{fc£S^#(fcfc§LVvjEII 
d. (=ftSi«©SaCJ;Ddi «?IR«C*#U^ 
20 -RCffrftDjtfy h 1 0 ©8Hl£trt<fcfc5;fc 

H*tf4 0ciigg) *B3TfcWfl!fcR»:re>n-5. £ 
it A, ttl»©SegR,iRtfR,»fc«tD#en-5 2 0 
©SltA*r©lSI8filffllcS^€?. Kitfe^©&tti:K 

EW»g$T?©B«B£gmf *«i§t«T?;fc*. £©«i? 

5) . RAM. ROMRt^AliJA-f >^7x-^tCJ: 

o««an<5'6©-e«tv>. shist. «MfigTi .to 

t>i«^«S». m«4 0kHs gffi©«»«/N'-X hiS 

s > s^h i,Tiftv»2i«[ hr- a s^sfi vxm^mz 

30 «Jt«. *¥S«(BM$tti:UT2lia[i;-A« 

«»2 0£g«©lf-A*JBjS-r*. dHT?Sfl»«&»: 

V>5©tt^rffiihSPtBSa<-r*fc«»-C*5. S^SR.i 
RVR..«. UZ&ttZWlftt 

mmz, tttom (is 2 ©WTitg®) ^s©sit<8^ 
©5%. -tn-ensmnffi«:2^©s§t^36>e©s«-m 

40 T, *ffiffl**»4. -C-bTjB&aS©3imiHi6A^ttUl 

a* *r©^ffl^ra^ s-tn-^nflirE 2 t?©E» 

jft£T©ffi***aiT*. il©2^©jE«ffir«*>&Eit 
«lS©ffiBtK«lS*-C©B*£»tH-r<5ia»ttrtJEr 
*«JWBA» C,t0ffJS:t>n*^. C©JWB^ttH5 

[0 0 2 0] H5 «$%i»(Cfl(Sie«S[(C<fc24MK&e 
Xtflg»»£tt©R9iB-e*0. ¥»cKlt«»ei*T©li 

feffl»««*C«^S. W82E«««©ffi«ttB (»«) 

«? h*6©fi«ttMitttr-A©«f*tt©s»(a:w 
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(6) 



#M¥5-2 5 7 5 3 3 



£UtiiT£ **>©•?&*. B5fc*V>T. ^TJJfiWSE 
±«C»£;*n;fc*>1f«#ffigT*£>XY 2&7tjffig© 

&^TXttl£© WH8Q tftffi a £ttfl2F«dC:flftlsT 

j2£©£T*>£fflS!te«b&*ffiUTE#UT£{^Ri TS 
D = S/2 

[0022] 



JO 



Ri Pt s-en^ngfiLfcEgnoxjSiSPo tr 
•s. itrex&p. s«se«TP©ss«i±K:a5*. 

[0 0 2 1] B5t*UT. J&Ri *>SjSPo £r©E 
BISSi (Si =Ri P, +P, P 0 ) » j&R, fr&jft 
Po *T©KlB£St (S» =Ri Pj +Pi P C ) . 
^T*>6jSPo *TT©ffil8SS. ^T*>^P*-t?©K 
(B*D. j&P©ffig£ (X,, Y, ) . fflQfc*rr*ffi 

10 IC<tO. ffiKDRt«B||iStt*©SC (1) . (2) 

Pj&WffigX, , Yptt^OSC (3) . (4) "C, fi& 

* ftatt^©ic (5) T-tn-en^sn*. 



(1) 



* ttl] 



i~y 1/2 (Sj 2 +S 2 2 -2d 1 ) 



[0 0 2 3] 



[0 0 24] 



★ ★ [*2] 



X - (S. 2 -S, 2 } /8d 



*20-tr [»3] 



Y p -7 S 2 - 



4X. 



/2 



- (2> 



(3) 



(4) 



[0 0 2 5] 

a = -X» /Y. 
ISoTfMkntfy h i 0±»c**«g**mt*t, - 
©tt*#&&£K*tt*K3f£P©£gfl:fi£jap *t© 

l!W£R*4 0kHz fcU Sli&tf— AS* 2 OffitUfc 

fi*tttUE*0. 3 mtf> 1 0. 

0 m*T©«HT?KW<feg©&«RtXiei8©«tffl*tBrfig 

[0 0 2 6] H2C^r«t5fc»»D^y hi 0*t#flS 

«{«-fe>-9-©ittta*ffilcS^*»»&ffft5*t. £©« 

^{c^*&tt^©i»«ffiB • mmmizm 2 A*fc» 

2 Btt, ?ftn#y h 1 0 Atffir82SHlcMli'P©ttS(4 
■ fc&HT, Bffi©R#t&H£KE«Mir,«aiT©E«£ 
IB&SJjgUT. C©fil3£bfc?g&roffifi5:tflEK©B^ 
ffifi«iHlfldJ885ttiJSBffiBUfcBSi 
©«»©&BfttfSgJItir«£D#y h ©«««*£:*> 6 
SB©l§H9iSUi**Ttta*. -tLTdoa&TfiJfrfcfl] 

*fi:iajfl-b>*»cK^*t»*«>©tl,T»i!i 

WE0«iS»©*ffl:**SHrt-*fiBS©^<a:t-JW*«fc 
•5[c»»D#yh©jtff«afii«ff/a:5. flJtStHftn** 
h fcBffi©W©SilB©Eli#-}£fc&* «fc5 iCjtffWH 

[0027] hi (o^mumms «, md#9 mo 



... (5) 

JXX*. I'-h^r'f D^!©-t>+H£fl|t,»Ta#y h© 

M 0©^ff«B«*«ffl-r<5ffl»-tr*»3. ffX.tffMa 
#y h 1 0©»(itflSt#tt6nfcx^a-y*>&©Hi* 

»**ihw* -tit<fc o jfcfTrem&tftmr*. &b& 

*) . ^ffi«Wffi3^6©^ttB«. j£fT*BWftffl6?4 
*>S©j£fTE««Hfc ^Rttfctfttg&fi • KlWIIfc 
»2A&y2 B4>g£B£-rsSB«©&B&tf£BB 

©a«EffifiSjS*»ar*B5^T*s. fcoTftfittm 
KJMBStt. fluttfcpu. wwya^^ASEfi-r* 

ROM. ^-^S-BSEttfSRAM. ^-^©Affl* 

E#M«gT»*Sffi©ffiBRtfIglB«?B*8-5 ? t fc 
* 0 . -fe 6 O^FttR^ff EB«<BlCd**l*g 

g«»iEi,T«B©jav>ffifi©*tii*fT fcs ©kmer 

W©B*)t?*<5. 
[0028] Bl ©J98&@»Jf dlfflgffi 7 «, <ft«ft 

aB»«5^6©ff«<R«rt©fi:Bfj5«. m^mwmt 
- aetata » 1 *> e ©ro^wgFttffifs. ttKtft&i 
mmm% • e#Bgai«6 as« e nfrzottRWE 

59 S@BL^*^8f«^*g«©*ffiSsS»rtC^a<» 
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11 

®m& 8 \zmii-rz. zttmmvo&mmmmto 7 a, 

l=ISS5lfflaa?7tt. HKKCPU. ROM. RAMS 

*>t. c P U*t;Sj8Tiafaffia|}e;&K&#fli&5«£lC 

©A- H <?x7k:«fc OflUST-S £ i*tT€T^. 
[0 0 2 9] j£fTfWW«8tt. 09A»JA**n5Bji. 

CO 0 3 0] *«MlrJ:^|ftn*^ 
*3JWrSfi5r»C. ^{|»itei:LT. *»WPffiffl-T<5ffl 

rp$f$«S#a;M*£j ^wMmz-z^TffiSit*. 06 tt 

© (a) «fP«ffi«*tg^©«-&©«I*, *fc|5!0© 

(b) tt^sg®«*tn«©«^©«s*n-en^UT^ 
[0 0 3 1] s-r r^»,^a/^->j tu, s»n# 

x. *©fem©»^£^s#£UTife«>6nfc-5£ 
©«f*L.€?^ftn^->r&*. aoTa/r©gns/^^ 

->©5-fe^e.«j5lfci£:i;T. 

>tUTa«?^an-5fc©T»-5. #MMItVT06 
© (a) ©g*}g©^ie<S«©«^»t. »9IBi»teS*» 

ft^ttis cniEis#»*fc«is&s«i©^i9) icaBi-rs 

t. rCT<?ihL. 18 0' JSE0LT. fMfcfrfflKl^ 

@. f^ie*i^nciop->©»ib. Katt/i^sm©** 
«i/^->s*fi-r. ci©s^«©s^(RiicBJiL-. 

A-*->*t, fi#Jg©#Bfl£&A-*->T»*. 

[0032] 06© (b) ©£5fc«38««*tRjrr.R 
^«P^ICWS«J*«*««^J-tt. P9©S*>41-tt©l'-> 
tCffij£$n&»§IBBJ&ffiB*^»H£©*ff-CPISIi<<t 
5KS»U ffiia»#l8©^W-CffihL. 1 8 0' ssm 
LTR©«p^[Sj»C 1 ^W->^Bl, 1313 1 W-> 

tMft-rsA-*->«isjg-r. *fc««flj©w->*»» 
LTH©ffi®«ssi«©#i(rTff±uft€.. nrof^iai 

*STBJ-Jtff*«»c. IPSttiR 0 fi#©«fc 5 \zmn-r 

*/t*->siijg-*-. H6© (b) ©*&ictt, ±e© 



(7) 4*H¥5-257 5 3 3 

ff«f>»cW$«fcJtilUTcnSliHBr*»^©l3l»*t4> 
V>©T#3S3Wm£v>. 

[0 0 3 3] fX^-AXj (Through pat 
h, T. P. t\t, &9iatfy hifltm& 

s*-r« ci^-cs-fci^-^-csfest^e-rs. 06© 

(a) Ttt, »»D#i» h*t-^<r>snsiti|jifio^itr^ 
jo 6ffi^©i?i5i«5^»©^(a*T©iai»E«ds^«rr-5 

z.t&-cit}zi>->t)t rx;v-/xxj tas. 06© 

(b) Tli. ^->#lC7,;W-AX©3Hfi*^^. # 
n©l^->T«#»n#;/ h*Jffilaia#«©M-ffi3©^fitr 
*5E*HB!©#tt3re©StgL. (n=l, 2, 3-) 

nfc t vi 5 z. t rat, &m)\>- h ± izm^«nmtE^r . 

BrJ£*g«*SS*» e JSST^KTS C tifiH&tt Z.tZM 

i» [0 0 3 4] JfcC TRS|i,#aE^«j ICOViTK^T 
l»*06© (a) <DtP%mmz%\,*T> f*ftn#y 

ixT ix^-a-xj # (n+i) 

# (m+i) xstf rx;i/-Axj atfc&n&t-r*. 
c:©«-&»ce. #i>->*6#ni/->tTtt rgrg 

ft^«««J 17* D. # (n+1) l/->*>S#ml/- 
50 (m+l) U->fr*> W&to*&&m ICA-5. »Sft 
laCAiiiCiU©^;^/^ OT-6RStt^«Effi«©SS 

©x^-/xx) t. ($sttfi*ffi«*aiaL.fcii[«©x 
;v-Axt©2-p©x;t~-/tx©^sttajb, wixsr 

EfiLT. d©2^©x;l^A-Xfctt*n»:««* rg! 

[0 0 3 5] 0 7tt*&9!tcJ:S&ftn#y h©«Bffi 
3l^j£*i8Wr*fc*©H"Cfe-5. C©H©«»C^V»T 
tt. fP38««»H6© (a) tH«lcS^-C»0, .h 

T©»fS«fi. «>Ltf^JI**©)g«. 
fi^»©«^«. Nt. «©ffi(B) . &&©fi!lsl« 

»»©<ftit. njj?y h©»giw»fir». ±Timm-v2, 
^e^ftnips' h i orticxaan, «rea0f»««tt<a: 

[0 0 3 6] £©«**«*«©, £©ffi 

50 bic. nv&stimvuowmufi* 
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(8) 

13 

yhlO Ctt±<^6nTV»*^. ffitiT»!lDi|!«; 

:3fi«TS/?rfc<£ffl«^£fTfc5fc©T;feS. -©# 
tc, &g&a#y h 1 OttHl-pittWUfc<fc^lr8tr^ £ 

#&#£#© 3 ^iBjir«f«i©lftffl&i^«a3S#a*ffi 

[0 0 3 7] H7©«3£«i*©«-&l::te, »»njp«> h 
10ttB6© (a) -CKMUfc»»jeM/^->lCj;tP 
J§3l£frfc5. VMMHitfyM Ottf13S««©±8S 

±a5©Sffi<cMff(Cfijib, *«lg|5|«#fl©#8tlT<9 

(2^7cffi«©Y*a©^rai) *t»»D#yh©tf 
v<Dmm\z<$h^w&*%m-*. 

[0 0 3 8] a7 0«l:*WB, etDJPyM Ott 

/xx*t#sn. #4P->*&#7i/->tTii 

«5#ffi®«iat9©x/i'-/xx (a) a*#sn, #8V- 
>t*5^xB*«&#«ffi«jta©xjv-/ix (b) am 

Sn-£>»>5. £©2:3©XJl/— /XX (a) fttf (b) \Z 

itwmF&tmnma a .t c icfc*. 

[0 0 3 9] &»c#»9Jfcfi&<&#I&OJFs' h 1 OjWfcH 

«3ElC<»«©#to-fe>'-!J-€tBA.T*0. -t©«ffi«H^ 
6. BS«*«u#9H0iKAIcan, DJl?-/h©ff<¥ 

fc**-C€S. cn»icns©«itHi:>1>-**, I? 

ik«a8Ttt%{mB>©-£La^re*fc<'>©T. o# 40 
? h*^ft«t>»c^©-«®*«ffl-r**ic. *-©«?8 
s09AfifpR««s«»fl;tfc«a»H (hi osffa 

< <fc 3 ir-rntf , K««j©*MB«n©i!*£-S«4>3 
*$t*i:, a*©«Bf#6»8«>*««IUfcfll«a>S 
#fcO«£<»©8M**ftJ*;: «oT8»D 
#y h 1 Oil, 0 7 ©««**««* A *IMIUft*< 

[0 0 4 0] »ftn#v h 1 OfltH 7 ©»**#««« 50 



4*81^5 — 2 5 7 5 3 3 

14 

BfcAofc^t**B»c*B-r5©». &B©tJB«cW 
dtS&fflU Wg«r©t&ffi-Cf?itU 
GtfT#l6]fc 1 8 OKiBBllTfH&rMi: 1 ^ 

±ElEiaKl^©l¥«ttH9lc«J;0SK^-r 
5. -co«^(C. H 7 ©E£fc#«®«jtlltr©X/l/-/X 
X (a) tt, £©X^-/XX (a) *-CBBS«J^ffi« 
«AT?*5A5. *©l^->*^»S«H¥««*BfcA«» 

ax (a) &eeL-cfe<. 

[0 0 4 1] 07©BS«»¥ffiffi«B-C«. ^»a#y 

7 ©^bj-c^t^Si/x-* u KffitPies Lfc 

*te,n#-y hJ@9©x-:J"K*£fT5. -tbT^J&oip 
vhlOtt. KS«»¥ffiffi«e»©x;k-AX (b) *< 
#6*1-5 £. £©X/WXX (b) ^SSI$&*£®« 
CICAtjfcdi:. Etfrrrox/I-— /XX (b) ©1-318 
©U->*T7*<»§«»#«E«*BT*5 C t £&»f 
5. C©<t5ICi»ftO*y M OB, lSte<ft#*:0«fc 
«r©X»-/XX (a) <fc. WS«»?¥«®«*ffiiflbfc« 
»©X*-/U (b) £«*WU £©2^©X;U— /XX 
(a) Rtf (b) lC±0f**ii*n&««fcB*ft#« 
«l« (CCTWS«)atgft©»*«J»-Ct)«fcVO £UT 

BW-r*. 

[0 0 4 2] #ftn#s/ H 0«KS*#«Ejg«jS«© 

x/w-/xx (b) siftffl-rit, i-di9©w->tss* 

f»#tt««B*»**7Ufc;itS:BaBU £fljj&lar«#« 
©^t&T#ikTS£. C^Tl 8 OgfistULT, f£3t£ 
ffl£R*t:#l6N::Bi$J;5t::, III*lo«l©W->»CM^ 
£9KfMRL. C©»*tt?¥««i«Brt©*^IS««Sr 
flcffiftJ!t£n#y mo©x-^JR**frJS: 
5. d©03j? y hj@D©x-^JRm*#KfT&5c:tlc 
±0. B§«l£a*©ttffia>e>gSU @S^©^ 

•r <& t c *> & < j*E«3e*ff tn 5 fcj&©»§i sfT«; 5 c: 

[0043] a 8 \t*ftW\Z&Z&WlU#y h©(Kffiffl 
5l*tt©fflS)Bd ! €:^'r7a-5 1 r-h-e*5. H7«: 

#nu ea8©7D-^v-hssiwr«. hsoxt 

^Slftt. «»|D3j?.y MO(i «*tfB7©ffl§l 

0 (M15> ttAXftt) ©«« (WA«ffiM) 
WStt©x-*«ftfcfTfcV>fc*tSffflrr*. Xx-yT' 
S2TI1. «BD#y h©W^-effi|aI«»«»C5-B*T 

^lCttX^y^S3fc»0. W««»*«mUfc»&»ctt 

1 0tt»fj£©»@ajMI©#8U*T;iEffU. x;u- /XX 

*^dt-r*t, z.£-c#±v> 1 8 oaasiauTfpjfcfr 
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15 

[0 0 4 4] Xf?^S51?lt h<©fi3^CS9S 

«j;i*&m£nfc«&fc©-e. 6tiHi^bfcx;P- /^x* 
»£4&#fc«««aM©X»-AtXtLTBa8LE18T 

«3©leiaS&ff£fT&f>. XT«^S7Ttt. 
•5. 

[0 0 4 5] X^5/:/S 9Ttt, «tliBjItaXt/B«© 2 
o©x;W-/XXK«fc9«imiS«4&l3j^f££3ST*l$ 
#fc#«EfB«£B»T*. Xfy^SlOtlt W«<f» 

KlLftS^ttXfy^S 1 1 »cf*r). SSJIL&H 
®«-»X5ry^S4lCBIS. Xf'^S 1 lTlt «3S£ 

*Sg7«<£rt©fESSRtfa#>.y Maoc^-^tju&su 

<«M££SS7-r*i:. Xfi/^S 1 ORtfS 4 Sfffib 



(9) 1*H¥5-2 57 53 3 

[0 0 4 6] #f8l|lifc«**M&0#..y h©flcffi!9§l:$ife 

ftt0 2^©X;i'-/U (OTSlOT. P. ftl*®2© 
T. P. ©**S8i. «iajLfcW#<»«0j»bT 

innmicBirrs. *-rm2©T. p. sample 

T. P. ©HJ&j&ffiJ (0 7-CB2Effl!) ©ffiHI*JMa£B 

HSU RjttfflS (SIOT. P. ©KT^fl!) ©JS^S 

lC«fc?K S6 2©T. P. tt««CfPJSS:^Tl/fcffi« 
**. ££T*J:£&<-#©filEl£#8« <B7Ttt* 
ffij) Kj6*oT^£JBirfc£. ^©^SCtt»2© 

t. p. &mm7&\zm^rzmi&*:ftmTzmz<b. & 
*wcn uff »sfi>LaAvi©T*«tcflsm»)e®ff ft 

a> TE©*l»i*^fc<fc5^»nj}?y 
h©»««0Jiff»^^->*»3BbfcST*D. H9 

[0047] 
[SI] 
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(10) $$W¥5-2 5 7 5 3 3 

17 18 







f*3 & | 


a 


44— ■ — | 

m lul 


f^^|S]lc 9 Dma&IiilL^ ftm%1el\Zl U->#«J. 


b 






c 






d 


18()&ifcH 


*S— vofcDj&fcfcl>T18 0#;l£|^£LTP*K-y 


e 




SBlOT. P. fi\ £tctelim2<»T. P. £ 



[0 0 4 8] h 1 0©»#»IIl»fT»/^- 

A. ntfy h*tKK:5Sj£Lfcg|i©T. P. ©jlfr^fa 

(a) n#5»httifcTSgl©T. P. © 

09© (a) ir^T. 
[0 0 4 9] B. h*tg£lc35Jfcl/fc8l©T. 

p. ©jifT^iRii:Hi;^i^uciiffUT^5»&. ::©« 

&«£€>!::#:© (b) ~ (e) C#£Sn*. 

(b) fPiil{a«©8Siaiei!«W^+»K:lBnTB»«!l*t 

c©«stt. ffiia«i#«*>e+»t:«nT^*©T> w 

S«J©«fi!liS 1 ©T. P. ©»Tifij«*T©raiC*^ 
T. +»lC^«T**«»t©e«*«JWEbTV»«.©T» 
ai©ffttA^->bfcE«©J:5»C. lT3«»©W-> 
^©®»€ffV>«S«©«M©fWe«frft5. C©k = 
k-1 W->^©0»«SH9© (b) fcjpT. 



£©«£«. nsliy h©#lfcUTV>.&ifij£«£D. fflBjfc 
ttta?©KlHia»«*-T!{C#«bTV»«l$Ste©1S«*t 

ai©fr»n^->ctcgB«LfcJ:5 
IC, V->?x>$>£froT10ife©U->'\#»iU 
afi9llCft*TA*«fc5Ct-4. fO«n#i/ H*. 18 
0g!fc|5jsfrV>$gi©T. P. ©itfr^ffltfiii*©;^ 

©(c) ICtST. 
[0 0 5 0] 

(d) mzmi,jtm^mmi$:ftM.Litigrs 
ci©«^tt. njt?y h**ffl«xstttta©ffiEia«j?«s-c 
mmizmmvtKt'b. *fc-t©iBfc*5R«4&©fif« 

£t>. K«©DJj?y h©ff»KWLTj&r)I« 
AWO?. ai©ff»/t^->dK:g3*l/fcJ;5C» 
*©MT1 8 0flttS@*fTfc5. C©«#©®*W& 
H9© (d) ir^-T. 

(e) S0*W«F4rCH*nTt/*V>T. P. ©56J1,© 
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(11) 



5-2 57 5 3 3 



19 



20 



»/t^->elCE«bfc«t5fc. <&fSll©T. P. 
i)\ Sfcftl2CT. P. i>\ £*6*>ifil^©T. 

P. l:9»LT. *©* a-x««^6Riu-rs^tic 
•T-5. £©£a-X««©«£09© (e) »c^-T. * 
fc£©* D-XS«^CWRtH*ttttH 1 4 C*V>TR 

[0 0 5 1] *5E^JC*^T«. iffiES 1XIXSS2© 

T. P. •5-nic±-6»s«j#«E««*ais-r*tSffi 



n^n^io-^eaiffliaffltijffl^^'jsatt. ^©&-t 

2 ttfiaffiggifiB©£-fcJM::tt^-rs-Y >T*^XW« 

[0 0 52] 
[R2] 





•i >"rvy 9 7. 


& ft 


0 




1 




2 




3 




4 




5 





[0 0 5 3] &2\zmL1t'(> ; Tv97v : -?\t. ■£© 

^-^e "o" ~ -5" i:iDaenwffi&tMo« 

«SS»3lffiS07». ffig«ifflS»«5*t3S^WR»-r 
*IrJ*##«CUT. BS«r©tfeHStHIU. -t©^-^ 



40 



©cws^j^a^tflSrUTieiiis-rsffa^a^A 

en. £ IcfeKT**. Lfc*»r»T. a# 
* h©5fc£tt«**-T. TE©*3, ^4©«fc5Kl. 

[0 0 54] 
[JS3] 
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21 



(12) 



4$H¥5-2 5 7 5 3 3 



22 



[0 0 5 5] 









2 


3 




4 


3 




4 


2 




* * K4] 








3 


2 




3 


1 


Utrifiira|t|^j-fe>^cJ:-oTP$^^56^,tT>(' >^y 


1 







[0 0 5 6] «±©±3fci^£KttTfR6#l«£fPJ!& 

[0 0 5 7] h i o 1 1 «. -en^^ftnjt?^ 
h ©stf? OLmittwo^wmom i »tw 2 40 

BT*<5. 01 0© (a) -Cttn^y htfitRKDT. 
P. *jtfrfT»D. EH© (b) TttffS«HC»* 

1 1© (a) TaD*yh*lS2®T. P. SitfrfT 

*o. ma© (b) •nxt , emim\zmmme>nm±wo> 

mmtS&£t\}tim&mLT\,>Z>. H I ORtfBl 1 

au u^fe»ofc««*^jrr*fc*ic. «»e»ir 
i;»2©2^©t. p. r»«**tfttr*&»i»««© 



S$2©T. p. «te«K:*^m®«*tT 
n£tt#«u ir©i5»c^3!rrntf»^<*^5fif* 

[0 0 5 8] ^ic»irw»2©t. p. atjassn. 

n#yh©f^|8^ (2J>»cffig©Ytt&^) fcOUT 

N©#9l^iej (2j5C7CJK«©X«fcSr|6l) IC^T. 
W#«j©#fiE-rs^D y 9 t »#»©#«£ bfcv>:/D v 

?&C£-»tT#*.«. tt£t>t,. »2©T. P. BJ1. 
«. DJjiy h©®oTV>*«8J6Hfil«<fcD. <B*£# 
ftff*^lflJCfi»U »1©T. P. t»2©T. P. 
©WT. »*»©?¥«** ^Dy* WDy^D.B 
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(13) 

23 

S»CD?¥SEL.£H:/Clv/£ {-Jnyir2) , T. P. 4ft 
SS'PlcfftfcWifcTUfc^ns/* {-tuyVD £©3o 

»LTt*Cl*-CiB!^T^5*»€H-»-r5. B12tt. B 
11© (b) ^Lfc-ffaSfiHC^Jti^fP^fflljjeD^ 

©^oy^SHEtffTftfrnfcS&l;:, -€-ns©:/oyd?£ 
gn©T. P. <0tll*jjSHlI<offil5ia[»« e fcD l^nyd' 

[0 0 5 9] zfay>;jnm<Dftmi.> 'AtoZ^tsJi*. io 
fc-f*. S*»fctt. *Slo©&#8iat#fiEt,fc^:? 

fc£l;:|5i«<»£SgJt,L.fcfcStf. SS2©T. P. 4ftg?<p 
tc£j&fcl8*&©jatt£«»rUT*©fTS&»::#*. 
CO 0 6 0] HI 3tt*589!fc«*S2©T. P. 

Btcintf, S2CT. P. 4ftj8«flcfPie»»l7bfc^ 

ny?T»S*©«*3il:/Dy^©ftsfc{;:»0. seic»J 

#frr*tt£jB>§ t ©w*tjS;*ns. c©^»^ic«to 

T. l o©»^)3«#ftLfci,>:/ns> *©«M&WII 
TU&ft&tf. ££fciI?&T*SS§13:fcttSI2©T. 
P. ©£5£*>£aoT#©l^«*i#£Lfcv»:/py 
£"v4fftU * ^n?.©»^stioig 
-rcticfcox, S2©t. p. 4ft£*icA?&Mt* 

fcStf, ff«©««©l^->fc»»U. ^©««T«f« 

©^is^2©t. p. 4ft*ftfT«c^«c«i6fMierf 

[0 0 6 1] ^lC^D-X<a«©ff3R^ttC-3lr»TRfB 
TS. mST©Sl^K:*UTtt. D3P-; hdt. BKt 

*«B9© (e) CS3ft5«t5a3C?f«)(«f«*« 

*•©««*> e ai3fe*«itfB#icKiaT$^wn«* 

£©j*Ba>&©Kffifit&©:^K«fc0fTfc5. n# 
yh*«S2©T. P. 4ft«^r*n«. SIOT. P. 
©3iff^t2»*lS]lC. *fc»2©T. P. 4ft3R»TS> 

n«. s§2©t. p. ©jifT^(Biti!«r(6iic-tn-eiaji 



<fcH¥5-2 5 7 5 3 3 

24 

46©#«ELT^*««T»*t*l»fLfc«^Ce, *D 
fe <b© t LT? D-Xffi«©fPlfe^jfelC 

[0 0 6 2] 01 4«i7D-X««09t*IBWfc«k-5» 

i o tt# i p->©fe«3^e*atc^ss*»A, #21/ 

gfttffiST*. c©3©^}g©KiS4ijK:«fct)i'D-X 
««t«KUT. 3©^»©-S|6*rn3j?y hJWKH 
T£*«8*tftV>Tlr>S«*S (ttETOIMM) 

&«««u *©ffi@iriB««©«p*«sTsaL. # 
o#3i/->c»it*'. ;:©#»&©# 3 

fBiU HCW— >K*V»T1 8 OgJSEia^bT. V»* 
£T£X«>*|ft|<s. R«IIC^Iilt!€r<5i:C15*-t?Mii 
U ■*■©«. ttBUI6fii*©'P'&«*TSBil/, *©# 
4U— >fct*«. C©<t^fcLT# 5 L"->Tj£[Hj>iJ|g 
««©*&»*> &»««*T©ff^£»AT«iiT-B 

-ctrfcvs. te®*ffi*wa«iLfc;i<S:icfc.5©-c. jij: 
T?2i©««*>sRmfs. 

[0063] Z ©RtfjfcttB 1 4 ©««T*-T <t 5 »C» 
JSlHl^ffi®«©^£?«Sff«*fiIi:tt3b5flRlC# 1 V- 

*T»»L. C©# 1 U->±*SI0fcjiofc^rRji:2» 
©^iSjfcjtfrU »2fl)T. P. 4ft«tf>T*n«-€-©* 
*4ft«»fPfCR0» SJS2©T. P. ttjfeSUitltf^D 
-7T««tR5ii3tfPJI*fTofcRS«r©#«LJa:VifB 
fcfc*L*n-X<H«lRffi«. -€-©«lgE©fifi!l 

©fls«»cK&^fcfce«. saa^tc^^T. jjttii* 
•c, f n-xffi«©»«rr4ffl«it*v»re. Rta«p»i 
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